In order to investigate the deep ocean inertia-gravity waves, a high-resolution global coupled atmosphere-ocean simulation is carried out with a coupling interval of 20 minutes. Large ( 10−3 m s−1) root-mean-square variability of vertical velocity is found in middepths (2000-4000 m), which is not reported in previous studies using realistic ocean simulations. Horizontal distribution of the large variability roughly corresponds to the wintertime atmospheric storm tracks and is stretched equatorward due to β-dispersion in open ocean with some "shadow regions" behind the obstacles. Frequency spectrum of vertical velocity has strong peaks at around f and 2f (f is the local inertial period) in midlatitudes, and has additional peak at around (3/2)f or 3f at some points. These results suggest necessity of re-evaluation of wind-induced near-inertial energy with high-frequency atmospheric forcing.
Introduction
Near-inertial internal waves generated by winds and tides are considered as a primary en-15 ergy source for diapycnal mixing [Munk and Wunsch, 1998; Wunsch and Ferrari, 2004] , which 16 maintains the meridional overturning circulation of the world ocean.
17
In the previous realistic simulation studies of the oceanic near-inertial response to winds, 18 applied forcing data were taken from the products of the operational weather forecasting centers 19 and their spatio-temporal resolutions were not enough to fully take into account of the wind X -4 KOMORI ET AL.: DEEP OCEAN INERTIAL WAVES IN A CGCM to wintertime atmospheric disturbances with focusing on its vertical velocity, the latter being 36 easily distinguished from the background flow field without any a priori filtering, because of its 37 energy peaks at inertial frequencies.
38

Model and Data
We have carried out a global coupled atmosphere-ocean simulation using CFES [Komori 39 et al., 2007] , which consists of AFES [Ohfuchi et al., 2004; Enomoto et al., 2007] as the at-40 mospheric component and OFES [Masumoto et al., 2004; Komori et al., 2005] as the oceanic 41 component. The latter is based on GFDL MOM 3 [Pacanowski and Griffies, 1999] . The main 42 advantage of using a coupled model is that its resolution allows to take into account of the wind 43 intermittency that drives the generation of ocean inertial waves.
44
The resolution of the atmospheric component is T239 (the triangle truncation at wave number After five-year coupled spin-up integration, vertical velocity, w, of the world ocean is sampled 57 every hour for one month from 00:30UTC of January 1. 3a) and its variability (Fig. 3b) are very weak.
92
Finally, frequency spectrum of w at some points along 179.1°W is shown in Fig. 4 . Frequency 93 spectrum at 39.6°N (Fig. 4b) , where exists shallow maximum of RMS variability (Fig. 3d) , has 94 strong peaks at around f and 2 f and additionally at 3 f (∼ 0.16 cph) in the shallow layer, where 95 f is the local inertial frequency, and the 2 f peak is comparable to the f peak. Such a super-
96
inertial waves in midlatitudes in deep ocean are reported by previous observational studies in 97 the western North Pacific [Niwa and Hibiya, 1999] and in the Japan Sea [Mori et al., 2005] . At 98 37.4°N (Fig. 4c) , where exists deep maximum of RMS variability (Fig. 3d) , frequency spectrum is not fully activated. Further study using a realistic eddy-resolving ocean model with higher-137 frequency atmospheric forcing is necessary to resolve the contradiction. 
